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Pollution Damage to
the Powell Building,
Reston, Virginia

Buocr 1. Do, Miciae, M. REpDy, aND

JAnE R. EGGLESTON, U5 Ganlngival Sty

[}enerete column segments of the Powell Building
(Reston, VA) expeeed to the elements and wetted

by precipitation were “cleaned” and roughened, but
sheltered portions of the columns retained their smooth-

“ness and pollution accumulat

es, similar to ohservations

for limestone, marble, and sandstone. Weathering effects

G4 MATERIALS PERFORMANCE Decomdior [O5G

~ onthe columns were dominated by precipitation run-off
~ and not the acidity of the precipitation. The process
~may be dry deposition of sulfur dioxide (SO 5]
. oxides (NO,) that formed soluble salts in the presence
- of humid air or dew, salts that were removed by
e preelpltatiun run-off.

and nitric

SEpewsE yposure T1ests were made
Vool limestone and marble
as parl of the U5, Ma-
LS tional Acid Precipitation

; and Assessmont Program
1 (NARAR, Although con
i erete was considered for
inclusion in stclies of the effcoers of
qcidl enin on materials ¥ e conclusion
was thar other materials (limestones,
murble, metals, andd paint) were more
ar risk. Therefore, study of conerete
was nor pursued, A later observation
indicated that the greatest damage o
limestane and marble was observed in
pieces that had been turned on 2 lathe
fotlunnns sind Balusters) | ralslication of
this information® led to the selection

and exmminglion of one concrete stradc-
ture, the John Wesley Powell Bulding
(Figure 13, whose columns ae mitede
by a ilferent process [poured con-
creted, rarher than formed by tuining
o lathe. The building is the man
srrerure of e U8 Goological Survey
complex in Kestan, Yieginda. 1L is com
prised of ~1 million fLt (04,000 m*y ol
buitdings with exreriors of unficed
Poctland comenl conceere, gliss, anch
numnereus columns, Bill Schmide of e
U8 Geological Survey, retived, pros
vided information on th comsiiuction
af the Powell Building, The stady wis
comprised of three parts: o visual and
tactibe exanunation, wish-dosn ex-
pesiments, and o guantitarive study uf
LIRS PO,

Building Gonstruction

The ground breaking date for the
Powell Bnilding was July 31,1971 with
cotslruction by e George [Tyman
Censtriction Coo lowas duedicated July
L2, 1974 Some people, however, b
gt to occupy the building as carly s
the fall ol 1973 Concrele wis supplivd
by twear divisions of the ¥irgin Con-
crete Co,aned adso by Stecling Conerete
Corp. e division of YVieginia Loo-
crete Co, used Lehigh? Poctland oo
ment Tyvpe (T and Chantifly' ¢rushesl
slone, whereas the other division s
Alpha! Portland cement and Virgini
sand and Gravel Coo aggresate. Both
divisions used saned from the YViegini
cand and Gravel Co., Selite! hebt-
weetphe aggregare, and Protex' air -
training agent, Stecing Concrete Corp
used Medusa Cemene Co, Tvpe T e
meit, aperesare from Fairfax Cnrries,
sand [rom the Solite Corp,, and Darex!
air entraining agent.

Tlie marerial [rom the Solite Con
crete Corp. s slate, crushed and hated
to 2, 000°F £ 1,093°C), producing ai ex-
panded aggrepate, which then s mixed
wilh sand and Bme, This agremine [pro-
duees o lightweight concrete thar B
cilitates pumping the mixoure and the

Traele oz
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building of higher structures. Concrete
made using expanded aggregate also
has belier insulating properties,

Mo records were kept on which
kind of concrele was used during con-
struction. The concrete specificd that
Lhoneycomb, aggregate pockers, amd
voids over |/2-in. (13%-mm) diametoer
and holes from form ties were 10 be
patched before the concrere dijed.
Parching morlar was composed of one
part Portland cement and two parts
line agpregate. No finishing treatment
wis intended orher than an applica-
tion of transparent waterprooting. The
;chthitectura-l concrere was to be
dense, smooth, nniform in color and
surface rexrure, and [Tee of honey-
comb, cold joint discoloration, and
matrix losses ar form joines. The builds
ing was cleaned with nunor patching
during 1997,

Statistical Study of Pores

A selection of columns was pholo-
graphed, The log recorded the picture
turnber, column number, side of Puaild
ing, exposedssheltered areas, highy
lowe pore density, height of the photo-
graph from the column hase, and the
deprh of the overhang, Overhangs are
important in protecting a column from
precipitation. In the case of the Powell
Building, roughly one our of four rains
was observed to wet the lower pares
of the columns. The 35-mm phatos
were enlarged to B by 10 in. (20 by 25
cm) to allow pares 0,1 mm to be eas-
iy comnred. A template with a narcow
sHt {2 cnn) was used 1o focus the view
and minimize double counring of
pores, Data were reduced to density
Ll pores =01 mm. A visual separation
was made on each column into high
and low coarse-pore density regions for
both exposed and sheltered portions
of the columns,

Tables 1 and 2 give the results of Lhe
point counts, Robert P Dosch Jr fof
Bloomington High Schoal South,
Bloomington, Indiana at the time) con-
ducted the statistical examinarion of
Coarse potes in the concrete while he

The John Wesley Powell Building, Reston, Virginia (taken 1978). Seven storias of unfaced Portland
cement and glass compriss neardy 1 million #! of office and laboratory spece. Courbasy of the 1.5,

Geological Survey.

TABLE1
LOW-DENSITY PORE RESULTS
Exposed Shalterad
Dansity Density
Pores (no.)  Area (em?  [pores/cm?) Pures_l‘.n_n.) Arca (em?) (pores/cm’l
I3 a7s 2Ey 20 14050 .23
1540 BIis] 149 i1 (i k]
1541 2| 1.83 1,231 o 143
[ G 075 2.0 522 1313 .34
1,945 065 2.0 () A405 .33
1,575 bl 1.4 T3l 483 1.3%
1,108 Fir] 143 HE2 2T 114
1030 FH 1,52 494 AH5 I.28
— — - S0 w0 .5%
— - — |76 A50 (34t
- - — M3 A5k .75
= - — A0 450 147
12,240 6,280 195 7079
s B A S e | ) o e s R 5 T A = LTS R A T P

was A Rickowver Fellow with ane of the
authors.

Wash-Down Experiments

Wash downs (Higure 23 were made
tn parts of columns exposed to pre
cipitation with both dejonized water
and acul rainwater collected in a plas-

tic: bucker on the fourth-loor atrium
of the Powell Huilding. Water was
sprayed from a plastic spray bottde at
the base of a columm, wetting an area
=12in, (0. 3-m) wide by 24 in. (0.610)
high. The bottom 4 in. (100 mm} woere
spraved first to wel ik Preliminary ex-
periments showed thar o get the wa-

Becenther 10490 MATERIALS PERFORMANCE 65
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SRR =
HIGH- DENSIT‘I’ PI]RE RESULTS

'__"Eﬁ

Exposed Shelterced s
Density Density
Pores (no.)  Area lem?) (pores/cm?) _ Pores no.) Area {em® (pores/em®)

1,759 313 349 1,040 573 154
14982 240 D 1,834 420 437
2315 74l ERE 1,255 G5 140
1572 1,030 1.47 1,562 1,095 1.24
5,800 1515 2155 L930 433 AT
2472 | 289 1578 45 o1
2,889 A0 .39 2,319 [ 450 174
4,661 430 10365 1617 773 209
1,3l3 1,195 1.27 LIl 33l 203
1,640 &7 245 1,401 205 1.11
4_.L'|f.EIS RO% 3.0 Uil a0 0.5
2,507 S80 4,32 1.1k ri% L.72
3,430 e 4.0k L6 I8 27
3919 Qi3 4.33 — - =

L ESG SE0 1.92 — —_ -

21 ans 562 — : - —

F1.710 L2595 i .3l 19,187 10520 1.86

ﬁ&&'ﬁml—-m—n ¥ M!T-m"..ﬂym LT NN e T Y

Wash down in Emﬁress of a cniumn an the Puwell Bmldlnﬁ

ter tor drip off the column ar a notch
pnedr the base, spraying the lower inch
with polvretralluoroethylene (PTFE)
wis necessary. Otherwise, water
teaded ror flow into the notehand pre-
ventl its recovery, Ao aluminum pan
was bent Lo fit under the notch ar the
column hase and covercd withy alumi-
num foil 1o collect as litthe miscella
neaus spriy warer as possible. anat-
rempt was made o spray the top 158

66 PMATERIALS PERFORMAMNCE Dheressiler [9590

in. (045 m) evenly, Aboul 130 to 200
mL of rur-ell were collecred.

The pl was measaced Using 2 Fiund-
Leld pH merer en deionized warer
(R30I (stock pll = 6.45; reserve wit
ter pH = 695 Run-off for experiments
performed Juby 23, 1985 on rwo cob
umns had a pH = 7.4, On August &,
19835, a run-off exporiment was done
with filtered acid rain on o different
colnn (85AR 1) (pH = 4. 500 The meid

sured il of runeff fraction H3ARILa
wis 7.68 and rhe pH of fracrion
ASARTH was 715,

Ayearlarer (Sept, 27, 19863, the ex-
periments were repeated using the
samc columns and wash-tlow i areas as
Before, The stock deionlzed warer for
sumple S601L had a pH = 7.43; run-off
fraction BGDI1a had a pH = 7.21, and
fraction 83121710 had 2 plI = 7.32. The
acid rain sample (SGARL) had an unfil-
rered pH = 3.91; run-tll fraction
a6ARLa had a pH = 7.30, and 56AR1b
b 2 pH = 7.56G. The mn-olf wuler
Toerked turbiel in all enses bul less soin
Eracrion b than in Fraction @

Discussion
VISUAL AND TACTILE
EXNAMINATION

Parts of columns ol limestoene,
prehle, and seodstone hailding stonc
exposed o acikl min wend et
faed i 1985 by o clean appearin anl
a rough feel, whereas protected parts
of columns aceumulated pollucas and
relained their approsximate originud
smootlness. The reugliening oocues
hecanse of differential solubility of
raiing and cement al phe stone surlface,
[r walddition, dissolucion of fine-grainod
materinl around coarser grains allows
these coarser graing to be mechanically
removed (ie., fall offy, forther rough-
emng the surdace,

The concrete colummns of the Powell
Building were ubserved 1o have these
same craits in 1%8%; however, mor
targe pores were observed in the visual
examinarion of the parts of concrete
columns exposed to acid rain comn-
pured Lo more gheltered areas Pirting
rarcly is seen in builelinge stones, bt
pitting and grooviag. when olserved,
lius been ascribed to the mechanical
rermoval of silicate mineral inclusions
45 carbonate marerial is dissolved from
arcund them, examples being Lhe
south side of the U8, Capital building?
and Jefferson Memorial, | A similac pro-
cess could well account for the coarsc
pores in Portlanad and Alpha cemend
concrete. A newer building, dedicared
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=20 veurs after the Powell Building
{particulars on the conerete are nor
available} has columns that are revighy
crig and have o powdery feel, but
coArse-pore formation has noe begun.

STATISTICAL EXAMIN ATION
OF COARSE PORE DENSITY
DISTRIBUTION

The distribution of coarse-pore dens
Sy Was exumined sepurnarely for the
exposed and sheltered parts of eol
umis Lo assess the depree to which the
voarse-pore densiries approached o
mal distriburion. Some columns were
Foundd oy consistently have ligher den-
silies of course pores For both exposed
andd protected areas, which was sus-
pected irgely to be a primary feature
of the columns when the ¥ were
tormid. The assessment of normaliny
WS necessary for dE‘Et:l’l‘l‘l:lﬂlnﬂ'
whether 1 vtest or irs non- DAt
counrerpart, the Wilcoxon Rank Sum
rest, would be used o rest the signifi-
cianee of the difference in coarse -pore
densirics. The searistical an: Hysis ws
porformed by Sandia Stinnett of the
Duke Clinical Rescarch [nstiture
Durliim, Noeth Carnling,

EXAMINATION OF
PORE DENSITY DISTRIBUTION
FOR ALL EXPOSED AND
SHELTERED AHEAS

e resules (Table 3[a]y for all cx-
Posed und all shellered column areas
melicared that the mean dengiey was
much lower und less variable in e
sheltered calumns han in the exprsed
columns. Both groups had disrribu-
Lions that were faicly trurreral, a5 seent
in stem and leaf plows cnot sliown’y
Howvever, the numbers in each aroup
weere smalloand tere was anonelier i
the sheltered group. Thus, both the in.
dependent sample t-test and the
Wilcoxon Rank Sum rest were used,
The serategy was 1o use the resulis of
the Wilcoxon rest if the results [rom

rhe two tesrs differed,
The test of equal varances in the
Dty HIOURS s nar rejected. Thus (e

DESCRIPTIVE smnrcs FOR DENSITY OF ALL EXPOSED

AND ALL SHELTERED COLUMNS

Sf_a_tistic

Type of Column Area

Sumher of areas stadied
Mean density {poresicm?) I
Atandard devintion

Median density {poresfem?
23th, Tt percentile

Min frvas, densioe

ARSI

Exposed Shelterad
23 5
295 HE
[.13 (.51
285 147
196, 362 A, t '){l
127750 (.3474, 57

L e b e R by

SRR AR

DESCRIPTIVE STATIST CS F[}R DENSiT"'f OF EXPOSED
AND SHELTERED COLUMNS, SEPARATELY FOR
LOW- AND HIGH-DENSITY PORES

Type of Column Areg

Statistic ExFust-:_:f Sheltered

Livir Fiigh Livw kiinh
Mumber of areas & 13 12 13
Mean (poces/um?) . 547 .93 203
el devion a7 g 3]
Median 1.40 HICo 1.54)
23Uk, 73th T 4, 1,54 1,54, 209
Min. Sy, 0, ‘v‘J m

T P B A R Tl ey e

LTEST {pagamnetric) for equal variances
was used. The difference in pore den-
sity between the exposed and shel
tered parts of columns was Lighiy sig-
nificant (p < 00017,

The result of the Wilcoxon Rank
Sunm Lest (Nof-paramerric’ was consis
tenl with that of the test the differs
enee in pore densiries was highly sig:
nificant ip < 00010,

EXAMINATION OF DENSITY
DISTRIBUTION SEPARATELY
FOR LOW- AND HIGI I-PORE
DENSITY COLUMNS
A similar analysis was carried o
separately for those densitics classified
as “low” und “high. " although the num-
bers in each comparison Broup were
diminished (Table 3{b|). The results of
testing exposed v8 sheltered columns
separarely for low and high density
res were:
= Low-Pore Density-1-test (pvalue
=0.001, Wilcoxon Rank Sum Test
Cpa=valine) <0001

05404 AT

» High-Pore Densiry- —Etest (p-vaine)
<],

= Wilcoxon Rank Sum Test -
witlued <t |

Thus, results of testing with both the
parametric Hest and the non-pammet.
ric Wilcoxon Rank Swmn rest indicated
that there was a highly significant differ
ence in pare densitics between exposed
and sheltered pars of colunns indepen-
dent of wherher the pore densities are
classificd as low or high,

WASH-DOWN EXPERIMENTS

In the wash-down experimenls
(Table 43, the wash water had similar
PHS (7.2 to 72.7) in all cases even
though the starting waler was quite
different: defonized water had o pH of
0.3 und 7.5, whereas the acid rain
sumples lmd apllof 3.9and 4.4, Thus,
there wus u rapid reaction of the H' ion
in the warer with the column surfice.

Marilvn Werner, 1.5, Creological
survey (Deaver, Coldormdo), perfarmed
the chemical analvses. OF the more
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TABLEW,

SR R i

EXPERIMENTS™

lan Chromatagraphy (mg/L)

CHEMICAL ANALYSES OF COLUMN WASH-DOWN

Sample Lah. Con- Alka-

Mo, pH  ductivity linity™ Ca M Ma NO,2 S0, CI
AADTLa fh0 28 Ak L L L84 0,20 1674 a1 0
BODILD TO7 152 0.0 1102 (x40 &% 06 X235
SaARla Gy 143 e [1.12 039 13 44 27, i
BRAlLLR 711 7 179 6,33 01 2400 537 115 07
BERAIN 91 - = — — i Ty =
S3Dilal T - - - — -— GG 283 54
a0l Lad T - — -— -— 321 R aH
A5AR1al T8 — — — - a3 243 0D
AaAR1a2 T — — - — - .30 24.4 11z
EERA 715 - - - — — 372 RS 053
HIRAL 4.56 - — — - L 201 050

Inductively Coupled Plasma-Atomic Emission Spectroscopy Crg/L)
Sample pH Ba Ca Mg Ma Si0, Sr
Failal B LA 1134 (0475 4R 254 [EH]
a2 T (1LONFE 1112 0AG7 131 Ba4 T2
HILE O .45 - 0012 00 B3 —

HADIH O (595 — WY RS (e — —
Baalllal BN HEREE 0.0 MAZ7 EHb .33 1
Brak1a? T8 03T 105D 0223 375 24 44013
BIARIDI 7.5 [LORH 421 0,144 152 ELY A
BIARILE 713 (LOEHEL 250 01445 iy R T 0003
BERALN] 130 — L D014 11,24 —_
FARAIM2 430 (LN e 0013 19 — =t

ey elramatng raply and inductively coupled pliss

Palkalinity e spresselas (00
More Fampius 30 Tu L B3AR L

U ore inalvzed on 8723043 830112 and #3401 2 were eralieed on

RS Sample SIRAIN woas ranvester collecred on TG A ol TATIRS.

matjor elemens in che wash-gown ex-
periments, G, Mg, Ma, aitrate (MO0,
sulfate {503 and Call were less abun-
dunt in the sccond wash down than in
the first wash down, Conductivity and
alkafinity ulso were lower in the soeg-
ond wash down U in the ficse, The
same nhsorvarion applicd w the less
commaon elements, Ba and Sr. Chemi-
cul values in wash down warer from
deionraed waler and [rom acid cain,
used in experiments done en the same
day, can he romarkably simalar (2o,
S0y, or MO, contents in 85D01a and
85414 on the one hand and 86011
and 88 A1 on the other).

[11 the wash-livwn experuments 4
vear after the initial investigation, the
anion (MO, SO, and C) eoncentra-
tions were even higher in some cases
rhan in the earlier sty wnd some val-
wes For deioniaed water exceeded the
values For acid rain wash downs, Awiin
the concenteations in the second wash

B8 MATERIALS PERFORMAMNCE Decesiher U0

dawn were less than in the fest Tls,
the soluble components an the column
surfzce were regenerated over the in-
rervening vear. The mrios, however, of
S0 /MO, in Lhe wash-down waler Lo
both vears always were higher than in
the weid rain irself (up o pelce the acid
Fain ruliog, as were the values of Caf
Mg (about four times the acid nin ra-
tiod. As with the pH, the difference be-
tween the deionized water and acid
Fain wash-duwn watet cxperiments is
wirthin expueritnental creor

Thus, the ptl of the incident woater
within the observed range did oot ap-
pear e he the coatrolling Fuclor i the
“cleaning,” roughening, and coarse-
pore formation of the concrere col-
wmns, but rather the incident water
dominared. Perhaps the responsible
mechanism vielding the soluble salls
was drv deposition of SO, for MOy on
tihe concrere, which reacted with the
column in the presence of mosiure

derwen Trom the humdd aie or rom ac-
cumubation of dew, Experiments conn-
ducled on marble suepested thar the
reansformation of the dry deposition of
S0, to gypsum (and NGO, 10 nilnles)
wus rapid at the stone surface.” and o
similir process may apply to concrete.

Conclusions

Conerere in cxposed parts of the
Powell Building pillars was “cleaned”
and roughened by the clements with
formarion of course pores =1,
wiherens smoothness wias cetnined aned
poliution gathered on sheltered parts.
These weilhering effeers o pares of
the columns exposed to the clements
were not caused by the acidiry of the
precipitation, buar were dominaed by
precipitant-earrying witer. The walcr
quickly rescted wirh soluble producs
an the column sucfices rhat were gen
erated during dey perieds, such as 503,

frel MO
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